Introduction
============

Near-infrared (NIR) fluorescent imaging has been extensively applied in cancer diagnostics and imaging-guided surgeries due to its relatively low autofluorescence, deep photon penetration, and high sensitivity without risk of radiation exposure [@B1]-[@B4]. NIR imaging technology is still strongly dependent on NIR fluorescent probes; for example, to visualize certain cancer cell types*in vivo* using NIR imaging at the molecular level, tumor-targeting NIR probes are indispensable [@B5]-[@B11]. To date, almost all targeted probes require covalent linking of a targeting moiety (i.e., peptides, antibodies, DNA/RNA aptamers) to an NIR fluorophore molecule (such as an organic dye), using various bioconjugation strategies [@B1], [@B12]. However, NIR fluorophores are relatively large molecules (\~1kDa) and may have great effects on the steric configurations of tumor-targeting moieties; they may compromise the binding affinities and bioavailability of the targeted probes, may decrease detection sensitivities, and may shorten retention time of the probes in the tumors. Furthermore, to achieve tumor detection with high sensitivity, high doses of the targeting probes have traditionally been used, which unavoidably has incurred toxicity. Therefore, it is desirable to develop a simple, robust strategy that can effectively improve the binding efficiencies of probes and their sensitivities for detecting tumors.

In this study, a new strategy that employs pre-targeting and bioorthogonal conjugate chemistry was present. Targeting domain molecules were first administered into mammalian systems by allowing time for localization in target organs and time for clearance from nontarget organs. Fluorescent coupling partners were then systematically administered, and were conjugated---in a highly selectively manner---with targeted domains *via* rapid bioorthogonal chemical reactions [@B13], [@B14]. The inverse-electron-demand Diels-Alder reaction between *trans*-cyclooctene (TCO) and tetrazine (Tz)[@B15]-[@B19] is one example of a fast, highly selective, copper-free, bioorthogonal coupling reaction; this reaction has been widely used in many biological applications for tagging and imaging biomolecules, both in cells and *in vivo* [@B17], [@B20]-[@B25]. In particular, the introduction of smaller "click-chemistry" moieties (\< 0.2 kDa) into targeting domains and fluorescent partners greatly reduces interference with the binding affinities of the specific targeting factors, and even improves their binding efficiencies. This strategy could provide a readout system with low background and high signal output. We reasoned that our strategy could overcome obstacles that have limited the effectiveness of traditional conjugation methods, and could result in more efficient targeting, more prolonged retention of probes, and higher detection sensitivities.

To evaluate and prove this concept, GEBP11---a vascular-homing, cyclic peptide consisting of nine amino acids (CTKNSYLMC)---was chosen as a targeting domain for making highly sensitive diagnoses of gastric cancer. It is well known that angiogenesis and vasculature play important roles in new blood vessel formation during tumor growth [@B25], [@B26]. Tumor blood vessels overexpress specific cell surface biomarkers, which does not occur in the blood vessels of normal tissues. The GEBP11 peptide is capable of homing directly to the neovasculature of human gastric cancer tumors, and GEBP11 peptide receptors are expressed at high levels in the cellular membrane and cytoplasm of these tissues [@B27]-[@B29]. In this study, we developed a targeting strategy to visualize gastric cancer *in vitro* and *in vivo* using a novel, GEBP11-based fluorescent probe (Figure [1](#F1){ref-type="fig"}) consisting of two click-chemistry-mediated components: 1) the pre-labeling agent, GEBP11-TCO, and 2) the NIR fluorescent agent, cyanine-5.5 (Cy5.5)-Tz. Compared to traditional covalent conjugation probes (e.g., GEBP11-Cy5.5), click-chemistry-mediated probes exhibit higher binding affinity, more efficient targeting, enhanced detection sensitivity, and prolonged retention time.

Materials and Methods
=====================

Materials and Measurements
--------------------------

All solvents and starting materials were purchased commercially (TCI Shanghai, J&K, Sigma-Aldrich) and used without further purification. The TCO-NHS was commercially available from Click Chemistry Tools. The GEBP11 peptide was supplied by the State Key Laboratory of Cancer Biology, the Institute of Digestive Diseases, Xijing Hospital, and the Fourth Military Medical University.

The high-performance liquid chromatography (HPLC) was used for purification of probes by on a Waters prep LC 2545 instrument. ESI-TOF-MS spectra measurements were performed by a Bruker QTOF II mass spectrometer. The imaging experiments*in vitro* were recorded on an Olympus FV 10i confocal fluorescent microscope. *In vivo* fluorescence imaging analysis was carried out in an IVIS Kinetic imaging system. The binding affinity was detected with a BD Accuri C6 flow cytometry.

A detailed description of the synthesis and characterization of all compounds can be found in the [Supplementary Materials](#SM0){ref-type="supplementary-material"}.

*In Vitro* Fluorescence Imaging
-------------------------------

The cell lines including SGC-7901 and GES cells were dissociated using 0.5% trypsin-EDTA when grown with 80% confluence and suspended in fresh medium. Almost 1 × 10^5^ cells were plated in a MillicellR EZSLIDE well and cultured overnight. The cells were pre-incubated with 5 *μ*M GEBP11-TCO or GEBP11 for 3 h at 37 °C and then incubated with 5 *μ*M Cy5.5-Tz for 0.5 h. After that, the cells were washed with PBS three times. The cells were incubated with 5 *μ*M GEBP11-Cy5.5 for 0.5 h at 37 °C and washed with PBS three times. In the blocking experiment, the SGC-7901 cells were pretreatment with unlabeled GEBP11 for 3 h at 37 °C and followed by 5 *μ*M GEBP11-TCO for 3 h, then incubated with 5 *μ*M Cy5.5-Tz for 0.5 h. After incubation, the cells were washed with PBS to replace the medium, fixed with 4% paraformaldehyde fixative for 10 min, washed with PBS two times. For the nuclear staining, 10 *μ*g/mL 4\'6-Diamidino-2-phenylindole (DAPI) was used for 5 min at room temperature. The coverslips were examined on confocal laser microscopy and images were acquired at 60 × magnification.

Measurement of binding affinity
-------------------------------

The binding affinity of the probes to the SGC-7901 cells was determined using a constant number of cells and measuring the fluorescence intensity as the concentration of bound peptide increased to saturation. The probes were serially diluted in 1640 culture medium at concentrations that varied from 0 to 80 *μ*M, and incubated with 10^6^ cells in 12-well plates on ice. For click group, the cells were pre-incubated with with 5 *μ*M GEBP11-TCO for 5 h and incubated with Cy5.5-Tz for 3 h on ice. For GEBP11-Cy5.5 group, the cells were incubated with GEBP11-Cy5.5 for 3 h on ice. The cells were washed with ice-cold PBS three times to remove the unbound probes. The samples were digested with trypsin and harvested for flow cytometry analysis with 640 nm emission.

Tumor Xenograft
---------------

The 6-week-old male athymic nude mice which weight was 20 - 25 g were supplied by the Animal Center of the Fourth Military Medical University (FMMU). Human gastric carcinoma xenografts were induced by subcutaneous injection of 5 × 10^6^ gastric carcinoma cells SGC-7901 into the upper limb per mouse. When the diameter of subcutaneous tumor developed to approximately 4.3 ± 0.3 mm or 8.4 ± 0.5 mm, *in vivo* imaging was recorded at different time after intravenous injection of click, non-click, Cy5.5-GEBP11 groups via tail vein using PerkinElmer IVIS imaging system. The animal use was approved by the Institutional Animal Care and Use Committee of the Fourth Military Medical University.

*In vivo* Fluorescence Imaging and Imaging Data Analysis
--------------------------------------------------------

For the click and non-click treatment groups, mice were injected with GEBP11-TCO or GEBP11 24 h prior to injection with Cy5.5-Tz. Mice in directly labeling group were injected with Cy5.5-GEBP11 immediately prior to imaging. Competitive click controls were preinjected with GEBP11-TCO 3h prior to injection with Cy5.5-Tz, and the competitive blocking groups were preinjected with GEBP11 5 h, pre-injected with GEBP11-TCO 3 h, injected with Cy5.5-Tz immediately prior to imaging. Mice were anesthetized with 5% isofluorane and then transferred to the IVIS imaging system. After imaging experiments, the mice were killed by cervical dislocation, and the organs were harvested for imaging. Image fluorescence intensity data were quantified by region-of-interest (ROI) measurement using Living Image software 4.5.1 (IVIS). All imaging times were starting from the injection of Cy5.5-Tz or GEBP11-Cy5.5, which could ensure the unity of the exposure time of fluorescent signals from Cy5.5.

Biodistribution and Statistics
------------------------------

Mice bearing SGC-7901 tumors were injected with 4 nmol probes in 200 *μ*L saline. At 24 HPI, mice were euthanized and tissue was collected for weighing. The linear correlation of fluorescence intensity and concentrations, and the relations of weigh and volume were used to determine the biodistribution of probes in the organs. All of ROI data was done to subtract the tissue autoflorescence. Signal-to-background was calculated by \[(tumor ROI - mean background ROI) / mean background ROI\], mean background ROI = (back ROI + lower limb ROI + abdomen ROI)/3. All statistical analysis of two-sample comparisons was performed using the two-way Student\'s t-test.

Results and Discussion
======================

Preparation of GEBP11-TCO, Cy5.5-Tz, and GEBP11-Cy5.5
-----------------------------------------------------

The TCO-conjugated peptide (GEBP11-TCO) was prepared by coupling (*E*)-cyclooct-4-enyl-2,5-dioxopyrrolidin-1-yl carbonate (TCO-NHS) with GEBP11. A crude white solid was obtained by adding ethyl acetate to this mixture and then washing with ether three times. After purification using a pre-HPLC, an 80% yield was obtained. Tetrazine-conjugated cyanine 5.5 (Cy5.5-Tz) and GEBP11-conjugated cyanine 5.5 (GEBP11-Cy5.5) were synthesized by coupling Cy5.5-NHS with either tetrazine or GEBP11 at room temperature. After pre-HPLC, the Cy5.5-Tz and GEBP11-Cy5.5 products were obtained at yields of 90% and 75%, respectively. All of the products were confirmed using high-resolution mass spectrometry (HRMS; ESI, Figure [S1](#SM0){ref-type="supplementary-material"} and S2) and were stable at -20 °C for more than eight months.

*In vitro* specific selectivity of probes to gastric tumor cells
----------------------------------------------------------------

The low cytotoxicity is a prerequisite for the clinical application of the fluorescent probes. The cytotoxicity of the click, GEBP11-Cy5.5 and Cy5.5-Tz probes were determined using the HCA protocol. As shown in Figure [S3](#SM0){ref-type="supplementary-material"}, the cells exhibited good proliferative ability after being treated with all the probes even at the highest concentrations over 24 h, indicating the probes had no significant cytotoxicity to cells. To evaluate whether GEBP11 combined with NIR imaging technology *via* the click-chemical reaction approach could selectively image gastric tumor cells, the gastric cancer cell line SGC-7901 and the immortalized fetal gastric epithelial cell line GES were chosen for use. Cells were pretargeted with 5 *μ*M of either GEBP11-TCO (designated as the "click-mediated" group) or GEBP11 (the "non-click" group) for 3 h, then were treated with 5 *μ*M of Cy5.5-Tz for 0.5 h, and were then visualized using confocal laser microscopy and flow cytometry (Figure [2](#F2){ref-type="fig"}). Treatment of the SGC-7901 cells with the click-mediated probes led to clear, extremely bright red signals at cellular cytoplasmic regions.

Flow cytometric analyses demonstrated that the binding percentages of click-mediated probes to SGC-7901 cells were nearly 3-fold higher (86.4 % *vs*. 29.1%) than those of non-click probes (GEBP11/Cy5.5-Tz). Weak fluorescence of SGC-7901 cells after incubation with non-click probes suggested thenon-specific cell permeability of Cy5.5. By contrast, the treatment of GES cells with both click and non-click probes showed very weak fluorescence signals (Figure [S4](#SM0){ref-type="supplementary-material"}). *In vitro* blocking experiments were also performed to evaluate the specificity of click-mediated probes. SGC-7901 cells were pretreated with 5 *μ*M of GEBP11 for 3 h and were then incubated sequentially with GEBP11-TCO (3 h) and Cy5.5-Tz (0.5 h); fluorescence signal strength and the binding percentages of the probes to the cells clearly decreased. Flow cytometric analyses showed that, compared to blocking cells, the binding percentages of unblocking cells were about 3.7-fold higher (86.4% *vs*. 23.5%). Therefore, click-mediated GEBP11 fluorescent probes were able to selectively differentiate gastric tumor cells from normal cells.

We wondered if directly labeled probes (such as GEBP11-Cy5.5) affect the efficiency with which the targeting factors can target the cells. To determine this, GEBP11-Cy5.5 probes were used to stain SGC-7901 cells for 0.5 h; as can be seen in Figure [2](#F2){ref-type="fig"}, the fluorescent signal of GEBP11-Cy5.5 was much lower than that of GEBP11-TCO/Tz-Cy5.5 (with binding percentages of 30.2% and 86.4%, respectively). We hypothesized that the lower binding affinities of GEBP11-Cy5.5 probes to SGC-7901 cells could be due to interference (in the form of steric hindrance) caused by the Cy5.5 molecules. Because of the similar molecular weight and molecular size of Cy5.5 (913 Da) with GEBP11 (1,058 Da), Cy5.5 would impact the steric configuration of the GEBP11 peptide, and would perturb its physiological functions. By contrast, TCO agents are five-fold smaller in molecular weight (170 Da) and have fewer effects on the tumor-targeting properties of GEBP11. To confirm this hypothesis, the cells were incubated with both categories of probe at 4 °C to investigate their respective tumor cell-targeting efficacies. As shown in Figure [S5](#SM0){ref-type="supplementary-material"}, the click probes exhibited an apparent dissociation constant (*K*~d~) of 32.10 *μ*M, while the traditional probes had a *K*~d~ of 54.49 *μ*M. This indicated that click-mediated GEBP11 probes showed higher binding affinities to their targets due to the reduced targeting ability of GEBP11 after Cy5.5 conjugation. The steric interference from the fluorophore molecules had a striking effect on the targeting properties of the GEBP11 peptide.

*In vivo* NIR fluorescent imaging
---------------------------------

To better understand the kinetics of the click-chemistry-mediated probes *in vivo*, target region-of-interest (ROI) signals from tumors were evaluated, as shown in Figure [S6](#SM0){ref-type="supplementary-material"}. Tumor uptake of the click-mediated probes reached a maximum at 0.5 hours post-injection (HPI), and tumors displayed a 220% net increase in fluorescence intensity during this time period. We also investigated the specificities, binding affinities, and clearance rates of the three probe labeling groups in terms of *in vivo* behavioral criteria (pharmacokinetics and intratumor distribution), which we validated by profiling their biodistributions.

NIR fluorescence imaging *in vivo* was assessed using intravenous injections of 4 nmol of click-mediated GEBP11, non-click-mediated GEBP11, or GEBP11-Cy5.5 probes, in female nude mice bearing SGC-7901 subcutaneous xenograft models (Figure [3](#F3){ref-type="fig"}). The net accumulation of each probe within tumors was determined by subtracting the mean ROI signal of untreated mice from the tumor signal of treated mice. We found that the fluorescence signals from click probe groups were significantly brighter than those of the non-click probe or GEBP11-Cy5.5 groups (Figure [3](#F3){ref-type="fig"}B), and these brighter signals constituted the most remarkable difference amongst the three groups. By 6 HPI, the signal-to-background ratios in the click probe groups were 2.6 and 3.8 times those of the non-click and GEBP11-Cy5.5 probe groups, respectively (Figure [3](#F3){ref-type="fig"}C). A 3.5-fold increase in the signal-to-background ratio in the click groups *vs.* the GEBP11-Cy5.5 group occurred at 24 HPI; over a period of continuous signal enhancement, this value increased to 4-fold at 72 HPI. Of note, the tumors that were stained with the click groups maintained fluorescent signals for up to 72 HPI, indicating that the long retention time of the click-mediated probes would probably allow for long-term *in vivo* tracking. By contrast, the GEBP11-Cy5.5 groups displayed barely detectable signals from tumors at 6 HPI, constituting a probe tracking life that was 12-fold shorter than that of the click-mediated probes. Longer retention time of click-mediated GEBP11 probes could be ascribed to the higher binding affinities to their targets. In addition, to further verify the longer retention time of click-mediated probes, we investigated the urine excretion by collecting urine after intravenous injection of the probes. As shown in Figure [S7](#SM0){ref-type="supplementary-material"}, pharmacokinetics of click-mediated probes demonstrated slower urine excretion than that of GEBP11-Cy5.5 through the renal system, indicating the longer retention time of click-mediated probes. All together, click-mediated probes were able to produce higher tumor accumulations, longer retention time, and significant fluorescence enhancements when compared to traditional probes.

To further validate the assessment that click-meditated probes were more specific than the directly labeled probes, RGD peptide was chosen as a targeting factor model to test, and click-meditated RGD probe experiments were then conducted *in vitro* and *in vivo* using NIR fluorescent imaging in the SGC-7901 models, as shown in Figure [S8](#SM0){ref-type="supplementary-material"}. The results showed that compared with the directly labeled probes, click-meditated probes exhibited more specific selectivity and more intense fluorescence signals. This demonstrates that the click-mediated targeting strategy is robust, and strongly suggests that its effectiveness in improving the selectivity and sensitivity of targeting factors to tumors is universal.

To make a comprehensive assessment of diagnostic sensitivity, signal-to-background ratios were measured at tumor lesions with different sizes (Figure [S9](#SM0){ref-type="supplementary-material"}). At 6 HPI, the signal contrasts between tumor sites and normal tissues were maximal, because by that time, most nonspecific binding had washed out. The signal-to-background ratios observed for the click probe groups were 3.3 times greater than those of the GEBP11-Cy5.5 groups for smaller tumor lesions (click *vs*. GEBP11-Cy5.5: \[5.25±0.52\] *vs.* \[1.57±0.40\]), and were 3.8-times higher for larger tumor lesions (click *vs.* GEBP11-Cy5.5: \[3.70±0.29\] *vs.* \[0.97±0.35\]). This indicated that the click-mediated GEBP11 probe had greatly improved diagnostic sensitivity, and that this enhancement was independent of the tumor size---indicating possibilities for detecting tumors with high specific selectivity and sensitivity.

Biodistribution of click-mediated GEBP11 probes
-----------------------------------------------

To better understand the highly specific selectivity and sensitivity of click-mediated probes to tumor lesions, the kinetic data were then cross-validated against the biodistribution of the probes in the organs of the mice. For three probe groups, organs were harvested and imaged after 24 HPI (Figure [4](#F4){ref-type="fig"}). Compared with the larger GEBP11-Cy5.5 agents, the smaller click probes showed significant differences in pharmacokinetics, as shown in Figs. [4](#F4){ref-type="fig"}A and B. Click-mediated GEBP11 probes exhibited nearly 5.4-fold greater fluorescence than the directly labeled probe in the tumor site (*p*\< 0.05), and showed 6.5-fold less fluorescence in the kidney. This indicated that click-mediated probes show much higher bioavailability than do non-click-mediated probes. Furthermore, when pathological examinations were carried out using hematoxylin and eosin (H&E) microscopy, no obvious structural changes were observed in any organs (Figure [S10](#SM0){ref-type="supplementary-material"}). There were no detectable side effects, or signs of cytotoxicity, from the click-mediated probes.

To compare the *in vivo* specificity of the three types of probe, tumor-to-organ signal ratios were calculated. Passively targeted fluorescent probes (GEBP11/Tz-Cy5.5) showed higher liver and kidney uptake than the click-mediated probes. The \[tumor-to-kidneys\] and \[tumor-to-liver\] signal ratios of the click groups were \[14.6±2.57\] and \[5.92±1.45\], respectively, while the corresponding values for GEBP11-Cy5.5 were \[0.32±2.84\] and \[3.99±0.32\], respectively (Figs. [4](#F4){ref-type="fig"}C and D). The click groups also showed the highest signal contrasts between tumor tissues and non-tumor tissues (Figure [S11](#SM0){ref-type="supplementary-material"}).

The tumors of the click probe mice group contained 7.2% of the fluorescence dyes at 24 HPI, as measured by linear correlation (Figure [S12](#SM0){ref-type="supplementary-material"}). This was higher than the 3.6% and 0.68% amounts retained in the mice of the non-click group and GEBP11-Cy5.5 group, respectively. However, the probe uptake rates in the click probe group were about 2 and 11 times higher than those in the non-click group and GEBP11-Cy5.5 group, respectively. It is essential to consider the impacts of molecular weight, size, and steric hindrance of fluorophores on the biological activities of the targeted peptides. It was entirely predictable that the fluorophores may disrupt the binding affinities and biological activities of the targeted peptides, greatly affecting the peptides\' transportation into tumor sites and subsequently into tumor cells. The higher tumor uptake of probes in the click group can be attributed to the higher selectivity and rapid bioorthogonal reactions occurring with the click-mediated probes in the tumor tissues. To further confirm our result, we performed the confocal images of tumor tissues. As shown in Figure [S13](#SM0){ref-type="supplementary-material"}, it was found that click group indeed showed higher fluorescence imaging from the cryosectioned tumor tissues than that of GEBP11-Cy5.5 group, indicating higher tumor accumulation of probes in the click group.

To further validate the targeting specificity of the click-mediated GEBP11 probe *in vivo*, a competition blocking experiment was also performed. Control mice were intravenously pre-injected with 8 nmol of GEBP11-TCO for 3h, and then with 4 nmol of Cy5.5-Tz. Blocking experiment mice were first intravenously pre-injected with 8 nmol of unlabeled GEBP11 for 5h, then were sequentially injected with 8 nmol of GEBP11-TCO for 3h, followed by 4 nmol of Cy5.5-Tz. The xenograft mice of both groups were observed over 24 h, as shown in Figure [5](#F5){ref-type="fig"}A. The fluorescence signal at the tumor sites of mice in the blocking group showed a 41% reduction compared to those in the control mice. Fluorescence images of excised organs indicated that the mice used for blocking inhibition showed nonsignificant reductions of probe accumulation in the liver, spleen, and kidneys (Figure [5](#F5){ref-type="fig"}B). Quantitative fluorescence signals of tumors *in vivo* were acquired after 4 h from intravenous injection (Figure [5](#F5){ref-type="fig"}C). By this time, most of the nonspecific binding had washed out in normal tissue. The average fluorescence signal in tumors from control mice was 1.6 times higher than that of the competition blocking mice. However, some residual signals in mice of the blocking experiments were observed. This was perhaps due to the non-specific accumulation of Cy5.5. That is to say, the GEBP11 inhibitor successfully reduced tumor uptake of click-mediated probes when compared to the control group, indicating high specific selectivity of click-mediated probes *in vivo*.

Conclusions
===========

In summary, we have demonstrated a click-assisted strategy of a vascular homing peptide GEBP11 for highly specific detection of gastric tumor in living animals. Compared with the direct labeling method, the click-chemistry strategy therefore has three clear advantages: 1) enhance tumor accumulation of probes for easy transport of small molecules into tumors, 2) the large agent assembled *via* click chemistry in tumors would reduce clearance and improves retention, and 3) avoid interference of the physiological function of specific targeting factor by fluorophores. The facile procedure may also be explored for labeling different types of specific factors for detecting tumors or improving tumor delivery of diagnostic and therapeutic agents in living systems.

We gratefully acknowledge Professor Kaichun Wu of the Department of Gastroenterology and State Key Laboratory of Cancer Biology, Xijing Hospital, Fourth Military Medical University for kindly providing us with the GEBP11 peptide. This work was supported by the Program of the National Basic Research and Development Program of China (973) under Grant Nos. (2013CB733803), the National Natural Science Foundation of China under Grant Nos. (81227901, 81402467, 81671753), the national 1000 Young Talents Program of China.

Supplementary Material {#SM0}
======================

###### 

Supplementary figures.

###### 

Click here for additional data file.

![Illustration of the mechanism of *in vivo* imaging by Click-mediated GEBP11 probes in human tumor xenograft mouse models. (A) Bioorthogonal inverse electron-demand Diels-Alder (IED-DA) reaction between TCO and Tz. Blue, the trans-cyclooctene group (TCO); purple, the tetrazine group (Tz); dark, the vascular homing targeting peptide GEBP11; red, NIR fluorophore Cy5.5. (B) Mice are treated first with GEBP11-TCO and then reacted with Cy5.5-Tz.](thnov07p3794g001){#F1}

![Binding affinity of click, non-click or GEBP11-Cy5.5 probes *in vitro*. (A) Fluorescence microscopy imaging of SGC-7901 cells labeled with click probes (pre-labeled with 5 *μ*M GEBP11-TCO for 3 h, followed by 5 *μ*M Cy5.5-Tz), non-click probes (pre-labeled with 5 *μ*M GEBP11 for 3 h, followed by 5 *μ*M Cy5.5-Tz), GEBP11-Cy5.5 (5 *μ*M) and blocking probes (pre-labeled with 5 *μ*M GEBP11 for 3 h, followed by 5 *μ*M click probes). Cells were stained with nuclear dye DAPI (blue) and the NIR dye Cy5.5 (red). All of the images were acquired at 60× magnification. The scale bar represents 30 *μ*m. (B) Representative histograms from flow-cytometric analysis binding to SGC-7901 cells of labeled (green) and non-labeled (red).](thnov07p3794g002){#F2}

![Targeting specificity of click, non-click or GEBP11-Cy5.5 probes *in vivo* imaging. (A) Fluorescence imaging of subcutaneous tumor-bearing nude mice after intravenous injection with probes. Click group: pre-injected with 8 nmol GEBP11-TCO for 24 h, and then injected with 4 nmol Cy5.5-Tz. Non-click group: injected with 8 nmol GEBP11 for 24 h, and then 4 nmol Cy5.5-Tz. GEBP11-Cy5.5 group: 4 nmol GEBP11-Cy5.5. (B) Average fluorescence signal emitted from the tumor tissue over time. \*\* *p* \< 0.01 between groups indicated by brackets. (C) Signal-to-background ratios over time. \*\* *p* \< 0.01. All the error bars indicate standard deviation from *n* = 3 animals.](thnov07p3794g003){#F3}

![Biodistribution study of click, non-click or GEBP11-Cy5.5 groups at 24 HPI. (A) Fluorescence images of excised organs harvested from mice 24 HPI (1 heart, 2 liver, 3 lungs, 4 kidneys, 5 spleen, 6 stomach, 7 tumor). (B) The fluorescence intensity analysis of excised organs. (C) Tumor-to-liver ratios. \* *p* \< 0.05, *n* = 3. (D) Tumor-to-kidney ratios. \* *p* \< 0.05, *n* = 3.](thnov07p3794g004){#F4}

![Targeted specificity of GEBP11 peptide performed on the competition blocking experiment *in vivo*. (A) Fluorescence imaging of subcutaneous tumor-bearing nude mice after intravenous injection with probes. Control group: pre-injected with 8 nmol GEBP11-TCO for 3 h, and then 4 nmol Cy5.5-Tz. Blocking group: pre-injected with 8 nmol GEBP11 for 5 h, followed by sequential injection with 8 nmol GEBP11-TCO for 3 h and 4 nmol Cy5.5-Tz. (B) Fluorescence images of tissues harvested from mice 24 HPI (1 heart, 2 lungs, 3 liver, 4 spleen, 5 kidneys, 6 stomach, 7 tumor). (C) Average fluorescence intensity found a higher signal of control group *vs* blocking group at 4 HPI (*n* = 3, \* *p* \< 0.05).](thnov07p3794g005){#F5}
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